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PREFACE 
T h i s  p a p e r  i s  i n t e n d e d  as a c o n t r i b u t i o n  t o  t h e  r e s e a r c h  
program b e i n g  c a r r i e d  o u t  by t h e  Reg iona l  Development Task a t  
t h e  I n t e r n a t i o n a l  I n s t i t u t e  f o r  Appl ied  Systems A n a l y s i s .  The 
program i s  concerned w i t h  t h e  development  o f  a  model sys tem 
f o r  a p p l i c a t i o n  i n  r e g i o n a l  development  p l a n n i n g .  Although 
work o n  t h e  model sys tem i s  a l r e a d y  a t  an  advanced s t a g e ,  
s e v e r a l  models have y e t  t o  be  developed,  among which i s  a  
se t t l ement - sys tem model f o r  a r u r a l  r e g i o n .  
The s e t t l e m e n t  network i s  a  h i e r a r c h i c a l  sys tem,  hence  i t s  
a c t i v i t i e s  s h o u l d  be  c o n s i d e r e d  w i t h i n  h i e r a r c h i c a l  framework. 
So f a r ,  such  a n  approach t o  t h e  l o c a t i o n  o f  economic a c t i v i t i e s  
is  a t  a n  i n i t i a l  s t a g e .  
I n  t h i s  p a p e r  s e v e r a l  models of  t h e  o p t i m a l  l o c a t i o n  o f  
economic a c t i v i t i e s  a r e  reviewed.  The models are d i s t i n g u i s h e d  
by t h e i r  concern  f o r  l o c a t i o n  problems i n  h i e r a r c h i c a l  set t le-  
ment sys tems i n  r u r a l  r e g i o n s .  They have  been s e l e c t e d  from 
t h e  e x i s t i n g  l i t e r a t u r e  on t h e  b a s i s  o f  t h e i r  p o t e n t i a l  f o r  
f u r t h e r  r e s e a r c h .  
THE OPTIMAL LOCATION OF ECONOMIC ACTIVITIES 
I N  A HIERARCHICAL SETTLEMENT SYSTEM I N  A 
RURAL REGION 
Ryszard Domanski 
INTRODUCTION 
The development o f  a g r i c u l t u r e  and t h e  r u r a l  demographic 
s t r u c t u r e  b r i n g s  abou t  many a d j u s t m e n t  p r o c e s s e s .  F o r  example,  
t h e  g e n e r a l  a c c e p t a n c e  o f  t e c h n o l o g i c a l  advances  i n  a g r i c u l t u r e  
i n c r e a s e s  t h e  demand f o r  machinery,  f e r t i l i z e r s ,  c h e m i c a l s ,  
c o n s t r u c t i o n  m a t e r i a l s ,  t e c h n i c a l  s e r v i c e s ,  e tc .  N e w  t echno logy  
c o n t r i b u t e s  t o  a growth i n  a g r i c u l t u r a l  p r o d u c t i o n ,  which i n  
t u r n  s t i m u l a t e s  t h e  development o f  t h e  t r a n s p o r t a t i o n  sys tem 
and t h e  food-process ing  i n d u s t r y  i n  r u r a l  areas. 
Nowadays r u r a l  p o p u l a t i o n  r e q u i r e s  many s e r v i c e s :  s h o p s ,  
e d u c a t i o n ,  h e a l t h  c a r e ,  r e p a i r  f a c i l i t i e s ,  e n t e r t a i n m e n t ,  and 
p u b l i c  a d m i n i s t r a t i o n .  Some of  t h e  s e r v i c e s  t h a t  t a k e  on a 
m a t e r i a l  form can be  purchased  i n  urban c e n t e r s  and t r a n s -  
p o r t e d  t o  r u r a l  a r e a s  f o r  c o n s ~ p t i o n ,  f o r  example r e c o r d s  and 
t e l e v i s i o n  sets. However, most s e r v i c e s  a r e  consumed i n  urban 
a r e a s .  I t  is, t h e r e f o r e ,  i m p o r t a n t  t o  e n s u r e  t h a t  t h e  r u r a l  
p o p u l a t i o n  h a s  a c c e s s  t o  t h e s e  c e n t e r s .  
I n  developed c o u n t r i e s ,  r u r a l - u r b a n  m i g r a t i o n  h a s  l e d  t o  
t h e  d e p o p u l a t i o n  of  r u r a l  a r e a s .  The r a t e  of  t h i s  p r o c e s s  h a s  
now slowed down and i n  some cases t h e  p o p u l a t i o n  h a s  remained 
c o n s t a n t  o r  even i n c r e a s e d  through in -migra t ion .  On t h e  o t h e r  
hand, i n  l e s s  developed c o u n t r i e s  ru ra l -u rban  mig ra t i on  i s  s t i l l  
cons ide rab l e .  
The e f f i c i e n c y  of t h e  economic a c t i v i t i e s  i n  t h e  s e t t l e m e n t  
system depends on t h e  s e t t l e m e n t  s i z e ,  i t s  s p a t i a l  d i s t r i b u t i o n ,  
and i t s  h i e r a r c h i c a l  p a t t e r n .  A system wi th  l a r g e ,  s p a t i a l l y  
concen t r a t ed  c e n t e r s  can t a k e  advantage of  economies o f  s c a l e ,  
the reby  reduc ing  u n i t  p roduc t ion  c o s t s .  A t  t h e  same t i m e ,  
however, it r e q u i r e s  i n c r e a s e d  t r a n s p o r t a t i o n .  I n  a sys tem 
wi th  small, s p a t i a l l y  d i s p e r s e d  c e n t e r s ,  t h e  e n t e r p r i s e s  b e a r  
h i g h e r  p roduc t ion  c o s t s  b u t  lower t r a n s p o r t a t i o n  c o s t s .  
The ad jus tment  p roces se s  a r e  accompanied by inves tments  i n  
new food-process ing p l a n t s ,  s e r v i c e s ,  housing p r o j e c t s ,  and 
roads .  A t  t h i s  s t a g e ,  t h e  problem of  l o c a t i o n  arises: HOW 
should  t h e  new a c t i v i t i e s  be d i s t r i b u t e d  w i t h i n  t h e  s e t t l e m e n t  
s y s  tern? 
I n  t h i s  paper  an a t t e m p t  i s  made t o  ana lyze  t h e  d i s t r i b u t i o n  
problem by drawing upon a  s e l e c t i o n  o f  t h e  e x i s t i n g  l i t e r a t u r e .  
However, it is n o t  i n t ended  t o  be  a  complete r e c o r d  o f  r e s e a r c h  
on l o c a t i o n a l  t heo ry ,  r a t h e r  it is  an a p p r a i s a l  o f  t h e  most 
s i g n i f i c a n t  c o n t r i b u t i o n s  t o  t h e  f i e l d .  The s e l e c t i o n  w a s  based 
on t h r e e  cons ide ra t i ons :  
-- t h e  a d a p t a b i l i t y  of  t h e  methodologies t o  t h e  problems 
o f  r u r a l  s e t t l e m e n t  systems; 
-- t h e  importance of  t h e  h i e r a r c h i c a l  framework when 
d e a l i n g  w i th  problems of r u r a l  s e t t l e m e n t  sys tems;  
-- t h e  p o s s i b i l i t i e s  f o r  f u r t h e r  r e s e a r c h  o f f e r e d  
by t h e  v a r i o u s  c o n t r i b u t i o n s .  
ECONOMIES OF SCALE 
Product ion and t r a n s p o r t a t i o n  c o s t s  are t h e  most f r e q u e n t l y  
a p p l i e d  c r i t e r i a  f o r  choosing t h e  op t imal  s o l u t i o n  i n  mathemat- 
i c a l  programming. T h e i r  s i z e  depends, among o t h e r  t h i n g s ,  on 
t h e  h i e r a r c h i c a l  s t r u c t u r e  o f  the s e t t l e m e n t  system. On a  
h i g h e r  l e v e l  o f  t h e  h i e r a r c h i c a l  s t r u c t u r e ,  l a r g e  e n t e r p r i s e s  
and s e t t l e m e n t s  occu r .  Lower l e v e l s  a r e  formed by s m a l l  e n t e r -  
p r i s e s  a n d  s e t t l e m e n t s .  The l e v e l s  i n  t h e  h i e r a r c h y  a r e  r e f l e c -  
t e d  i n  t h e  l e v e l s  o f  c o s t s .  
I n  t h e  long  run ,  t h e  r e l a t i o n s h i p  between average  c o s t  
(y /x)  and l e v e l  of  o u t p u t  ( x )  i s  u s u a l l y  d e s c r i b e d  by means o f  
t h e  func t i on :  
where a ,  b ,  c a r e  c o n s t a n t s .  
When p r e s e n t e d  i n  g r a p h i c  form, it g i v e s  t h e  f a m i l i a r  
U-shaped average  c o s t  curve .  The downward bend r e p r e s e n t s  a  
lower ing  o f  t h e  average  c o s t  o b t a i n e d  because  o f  t h e  dec rea se  
i n  t h e  u n i t  f i x e d  c o s t  w i t h  t h e  i n c r e a s e  o f  o u t p u t .  A t  h i g h e r  
l e v e l s  o f  o u t p u t ,  there are a l s o  economies from l a b o r  s p e c i a l -  
i z a t i o n .  The minimum p o i n t  o f  t h e  cu rve  de t e rmines  t h e  op t imal  
scale of  o u t p u t ,  w h i l e  t h e  upward bend r e p r e s e n t s  t h e  i n c r e a s e  
i n  average  c o s t  o c c u r r i n g  when o u t p u t  grows beyond t h e  op t ima l  
l e v e l .  Th i s  p o r t i o n  o f  t h e  curve  is,  however, d i s p u t a b l e .  I t  
i s  argued t h a t  t h e  op t ima l  l e v e l  o f  o u t p u t  rises w i t h  technolog-  
i c a l  and o r g a n i z a t i o n a l  advances,  which means t h a t  t h e  minimum 
p o i n t  s h i f t s  t o  t h e  r i g h t  and t h e  U-shaped curve  i s  t r ans formed  
i n t o  a  curve  c o n s i s t i n g  o f  a downward bend and f l a t  p o r t i o n  
(F igu re  1 ) .  The l a t t e r  curve  may be d e s c r i b e d  mathemat ica l ly  
a s  : 
Changes i n  t h e  average  c o s t  o f  o u t p u t  on v a r i o u s  l e v e l s  of  
t h e  s e t t l e m e n t  h i e r a r c h y  a r e  r e f l e c t e d  i n  t h e  changing v a l u e s  
o f  m u l t i p l i e r  a  and exponent  b. 
SETTLEMENT HIERARCHY 
Compared t o  t h e  s t a n d a r d  l o c a t i o n  problem, t h e  problem o f  
l o c a t i n g  economic a c t i v i t i e s  w i t h i n  a  h i e r a r c h i c a l  sys tem shows 
a d d i t i o n a l  compl i ca t i ons .  The model o f  a  h i e r a r c h y  o f  c e n t e r s  
developed by Tinbergen ( 1967)  i s  h e l p f u l  f o r  g a i n i n g  an under- 
s t a n d i n g  of  t h e s e  compl i ca t i ons .  I t  i s  t h e  work t o  which o t h e r  
r e s e a r c h e r s  d e a l i n g  w i th  t h i s  s u b j e c t  u s u a l l y  r e f e r .  
C o s t s  
Output  
F i g u r e  1 .  Changes i n  c o s t  f u n c t i o n s  a c c o r d i n g  t o  o u t p u t  l e v e l s .  
Tinbergen assumes a  c l o s e d  n a t i o n a l  economy of  r e g u l a r  form 
e v e n l y  d i s t r i b u t e d  w i t h  farms e x c e p t  i n  urban a r e a s .  There a r e  
H i n d u s t r i e s ,  e a c h  p roduc ing  f i n a l  p r o d u c t s  i n d i c a t e d  by 
h  ( h  = 0 ,  1 ,  ...,H). The t e r m  h  d e n o t e s  t h e  rank  of t h e  i n d u s t r y ,  
and t h e  c a s e  h  = 0  r e p r e s e n t s  a g r i c u l t u r e .  The demand f o r  p r o d u c t  
h ,  which i s  e q u a l  t o  ahY (Y b e i n g  t h e  c o u n t r y ' s  income, and ah  
b e i n g  a  g i v e n  demand r a t i o  f o r  p r o d u c t  h ) ,  i s  s a t i s f i e d  by nh 
e n t e r p r i s e s ,  whose s i z e  i s  supposedly  o p t i m a l .  
The i n d u s t r i e s  have been ranked a c c o r d i n g  t o  t h e  number of  
f i r m s  t h e y  i n c l u d e  i n  such a  way t h a t :  
The l o w e s t  rank r e p r e s e n t s  t h e  i n d u s t r y  w i t h  t h e  l a r g e s t  
number o f  f i r m s ,  and on t h e  h i g h e s t  rank t h e r e  i s  o n l y  one  f i r m .  
T i n b e r g e n ' s  model o f  t h e  s i z e  d i s t r i b u t i o n  of  c e n t e r s  h a s  
t h e  f o l l o w i n g  p r o p e r t i e s :  
1 .  There a r e  H t y p e s  o f  c e n t e r s  (h' = 1 , .  . . , H )  , which means 
t h a t  t h e  number of c e n t e r  t y p e s  cor responds  t o  t h e  
number o f  s e c t o r a l  r a n k s .  
2 .  I n  any c e n t e r  o f  t y p e  h ' ,  o n l y  t h e  i n d u s t r i e s  
of  r a n k  h - < h '  a p p e a r .  
3 .  The i n d u s t r i e s  o f  a  rank lower t h a n  t h e  
c e n t e r ' s  t y p e  s a t i s f y  l o c a l  demand. 
4 .  The i n d u s t r y  o f  a  r ank  c o r r e s p o n d i n g  t o  t h e  
c e n t e r ' s  t y p e  ( h  = h ' )  s a t i s f i e s  b o t h  l o c a l  
demand a s  w e l l  a s  t h a t  f o r  t h e  p r o d u c t  i n  t h e  
c e n t e r s  o f  lower  t y p e s .  There  i s  o n l y  one 
e n t e r p r i s e  of  t h e  h i g h e s t  r a n k  i n  each  c e n t e r  
o f  t h e  g i v e n  t y p e .  
From t h e  assumpt ions  and p r o p e r t i e s  of  t h e  model g i v e n  
above,  f u r t h e r  c h a r a c t e r i s t i c s  can  b e  d e t e r m i n e d .  
1 .  The s i z e  d i s t r i b u t i o n  of  c e n t e r s  i s  e x p r e s s e d  
by c u m u l a t i v e  income: 
2 .  The t o t a l  income of a l l  c e n t e r s  o f  t y p e  h '  amounts t o :  
( 7 )  
3.  The number of c e n t e r s  o f  t y p e  h '  is:  
4 .  The average  income p e r  c e n t e r  of  type  h '  is: 
Under c e r t a i n  c o n d i t i o n s ,  t h e  model g e n e r a t e s  an op t ima l  
sys tem of c e n t e r s  based on minimizing t o t a l  t r a n s p o r t a t i o n  c o s t s .  
In  t h e  model a  r e l a t i o n s h i p  between t h e  number o f  e n t e r -  
p r i s e s  i n  a  s e c t o r  and i t s  s p a t i a l  p a t t e r n  i s  assumed. I f  t h e  
number of e n t e r p r i s e s  i n  a  s e c t o r  i s  s m a l l ,  t h e n  t h e  s e c t o r  ap- 
p e a r s  on ly  i n  l a r g e  urban c e n t e r s .  A s  t h e  e n t e r p r i s e s  i n c r e a s e  
i n  number, t h e  s p a t i a l  p a t t e r n  o f  t h e  s e c t o r  changes.  They 
appear  i n  s m a l l e r  c e n t e r s .  The s e c t o r s  w i t h  t h e  l a r g e s t  number 
of e n t e r p r i s e s  a r e  l o c a t e d  on t h e  lowes t  l e v e l  o f  t h e  h i e r a r c h y  
of c e n t e r s .  
LOCATION OF AGRICULTURE-RELATED ACTIVITIES 
A g r i c u l t u r e - r e l a t e d  a c t i v i t i e s  i n c l u d e  f i r m s  t h a t  supp ly  
t h e  i n p u t s  t o  a g r i c u l t u r e  and t h a t  p r o c e s s  a g r i c u l t u r a l  o u t p u t ,  
f o r  example t h e  f e r t i l i z e r ,  food-process ing ,  and l e a t h e r  i n -  
d u s t r i e s .  
I n  modeling t h e  s p a t i a l  d i s t r i b u t i o n  o f  a g r i c u l t u r e - r e l a t e d  
a c t i v i t i e s ,  t h e  f i r m s '  minimum p roduc t i on  and t r a n s p o r t a t i o n  
c o s t s  a r e  u s u a l l y  accep t ed  a s  t h e  c r i t e r i a  f o r  t h e  cho i ce  of  
l o c a t i o n .  S e v e r a l  models may be a p p l i e d  t o  f i n d  t h e  op t ima l  
s o l u t i o n .  L e t  u s  s t a r t  w i th  t h e  model e l a b o r a t e d  by U l r i c h  
(1968 ) .  
U l r i c h  assumes t h a t  t h e r e  a r e  o n l y  t h r e e  p o s s i b l e  a l t e r n a -  
t i v e  d i s t r i b u t i o n  sys tems:  a  c e n t r a l - c i t y  d i s t r i b u t i o n  sys tem,  
a  s e r v i c e - c e n t e r  d i s t r i b u t i o n  sys tem,  and a  l o c a l - c e n t e r  d i s t r i -  
b u t i o n  system. I n  t h e  f i r s t  c a s e ,  t h e  f i r m  o r  f i r m s  a r e  loca-  
t e d  on ly  i n  t h e  c e n t r a l  c i t y  of  t h e  r u r a l  r e g i o n .  The sys tem 
g e n e r a t e s  t h e  h i g h e s t  t r a n s p o r t a t i o n  c o s t s  and t h e  lowes t  pro- 
d u c t i o n  c o s t s .  I n  t h e  second c a s e ,  f i r m s  a r e  p l aced  i n  a l l  
s e r v i c e s  c e n t e r s  (o f  which t h e r e  a r e  e i g h t ) ,  and i n  t h e  c e n t r a l  
c i t y .  Such a  d i s t r i b u t i o n  g i v e s  rise t o  lower t r a n s p o r t a t i o n  
c o s t s ,  b u t  a t  t h e  same t i m e ,  however, it may i n c r e a s e  p roduc t i on  
c o s t s .  I n  t h e  t h i r d  c a s e ,  f i rms  a r e  d i s p e r s e d  i n  a l l  l o c a l  
c e n t e r s  (of  which t h e r e  a r e  7 2 ) ,  i n  t h e  s e r v i c e  c e n t e r s ,  and 
i n  t h e  c e n t r a l  c e n t e r  ( i n  t o t a l  81 c e n t e r s ) .  
Each of t h e  t h r e e  a l t e r n a t i v e  d i s t r i b u t i o n  systems bea r s  
d i f f e r e n t  p roduc t ion  and t r a n s p o r t a t i o n  c o s t s .  The average 
produc t ion  c o s t  under t h e  i n d i v i d u a l  system i s  c a l c u l a t e d  
us ing  t h e  fo l lowing  equa t ions :  
where 
1 2  
Ps ' j  Ps , = average produc t ion  c o s t s  f o r  s e c t o r  s 
Ps under t h e  f i r s t ,  second,  and t h i r d  
d i s t r i b u t i o n  systems,  r e s p e c t i v e l y ;  
a  = m u l t i p l i e r  i n  t h e  produc t ion  c o s t  
S 
f u n c t i o n  f o r  s e c t o r  s; 
bs = exponent i n  t h e  produc t ion  c o s t  
func t ion  f o r  s e c t o r  s; 
c  = u n i t  c o s t  of  ou tpu t  ( i n  d o l l a r s )  a t  
t h e  most e f f i c i e n t  l e v e l  of  o u t p u t ;  
xrn = minimum e f f i c i e n t  l e v e l  of o u t p u t  i n  S 
s e c t o r  s;  
1 
Xs = t o t a l  o u t p u t  o f  s e c t o r  s i n  t h e  reg ion ;  
X: = one-ninth of  t o t a l  r e g i o n a l  o u t p u t  of 
s e c t o r  s; 
= o n e - e i g h t y - f i r s t  of  t o t a l  r e g i o n a l  
*s 
o u t p u t  of s e c t o r  s. 
The t o t a l  p roduc t ion  c o s t  i s  a  produc t  o f  t h e  average 
produc t ion  c o s t  i n  each  a l t e r n a t i v e  d i s t r i b u t i o n  system and 
t h e  t o t a l  ou tpu t  of s e c t o r  s. 
The t o t a l  t r a n s p o r t a t i o n  c o s t s  f o r  t h e  t h r e e  a l t e r n a t i v e  
d i s t r i b u t i o n  systems a r e  c a l c u l a t e d  a s  fo l lows:  
where 
T1 = t o t a l  t r a n s p o r t a t i o n  c o s t  f o r  s e c t o r  s under 
S 
t h e  f i r s t  d i s t r i b u t i o n  system; 
T: = t o t a l  t r a n s p o r t a t i o n  c o s t  f o r  one of  t h e  n i n e  
c e n t e r s  under t h e  second d i s t r i b u t i o n  system; 
T: = t o t a l  t r a n s p o r t a t i o n  c o s t  f o r  one of  t h e  81 
c e n t e r s  under t h e  t h i r d  d i s t r i b u t i o n  system; 
Us = i n t e r c e p t  va lue  of t h e  t r a n s p o r t a t i o n  c o s t  
f u n c t i o n  f o r  s e c t o r  s, r e p r e s e n t i n g  load ing  
and unloading c o s t s ;  
ks = c o s t  p e r  m i l e  of  t r a n s p o r t i n g  t h e  o u t p u t  o f  
s e c t o r  s; 
d  = number of miles from t h e  c e n t e r  t o  t h e  farm; 
Ns = number of two-way t r i p s  between t h e  c e n t e r  and 
t h e  farm f o r  s e c t o r  s t  p e r  y e a r ;  
= number of farms a t  d i s t a n c e  d  from t h e  c e n t r a l  Fd 
c i t y  (it i s  assumed t h a t  t h e r e  a r e  no farms 
more remote t han  18 m i l e s ) ;  
F: = number of farms a t  d i s t a n c e  d  from a  l o c a l  
c e n t e r  (it i s  assumed t h a t  t h e r e  a r e  no farms 
more remote than  6 m i l e s )  . 
The t o t a l  c o s t s  f o r  t h e  a l t e r n a t i v e  d i s t r i b u t i o n  systems 
a r e  ob ta ined  by adding t r a n s p o r t a t i o n  c o s t s  t o  p roduc t ion  c o s t s :  
Using t h e s e  t o t a l s ,  one can determine t h e  d i s t r i b u t i o n  system 
t h a t  minimizes produc t ion  and t r a n s p o r t a t i o n  c o s t s ,  i . e .  t h e  
op t imal  system. 
This  procedure  is r epea t ed  f o r  each s e c t o r  r e l a t e d  t o  
a g r i c u l t u r e .  When a l l  t h e  s e c t o r a l  d i s t r i b u t i o n  systems a r e  
def ined ,  one can c a l c u l a t e  t h e  l e v e l  of  o u t p u t  i n  each c e n t e r ,  
superimposing one s e c t o r a l  system upon ano the r .  The outcome o f  
t h i s  c a l c u l a t i o n  can be p re sen ted  i n  t h e  form o f  a four-element 
v e c t o r .  The f i r s t  e lement  r e f e r s  t o  t h e  c e n t r a l - c i t y  o u t p u t ,  
t h e  second t o  t h e  s e r v i c e  c e n t e r  ou tpu t ,  t h e  t h i r d  t o  t h e  l oca l -  
c e n t e r  o u t p u t  and t h e  f o u r t h  t o  t o t a l  r e g i o n a l  o u t p u t .  
A g r i c u l t u r e - r e l a t e d  a c t i v i t i e s  t end  t o  be p l aced  i n  two 
d i f f e r e n t  t ypes  of  l o c a t i o n .  Some of i ts  s e c t o r s  a r e  c l o s e l y  
l i nked  t o  t h e  l o c a t i o n  o f  a g r i c u l t u r a l  r e s o u r c e s ,  o t h e r s  are 
n o t  r e s t r i c t e d  i n  t h i s  way and may be cons idered  as ' f o o t -  
l oose '  i n d u s t r i e s .  Sugar r e f i n e r i e s  r e p r e s e n t  t h e  f i r s t  
type  of  s e c t o r  and a g r i c u l t u r a l  machinery p l a n t s  r e p r e s e n t  t h e  
second type .  
The d i f f e r e n t  l o c a t i o n a l  t endenc ie s  are inc luded  i n  
Gunnarsson's model (1977) ,  i n  which t h e  i d e a  of  a h i e r a rchy  o f  
c e n t e r s  p re sen ted  e a r l i e r  by Tinbergen (1967) and Bos (1965) 
has  been extended.  I n  p a r t i c u l a r ,  t h e  i d e a  behind one o f  t h e  
necessary  cond i t i ons  f o r  t h e  h i e r a r c h y  of  c e n t e r s ,  namely 
i n d i v i s i b i l i t i e s  l e a d i n g  t o  economies of  scale, i s  developed.  
This  cond i t i on  i s  in t roduced  i n t o  t h e  model a s  a c o n s t r a i n t  on 
t h e  ou tpu t  i n  a c e n t e r  of  a foo t - loose  s e c t o r ;  i . e . ,  o u t p u t  
should n o t  f a l l  below t h e  minimum l e v e l  a t  which produc t ion  i s  
f e a s i b l e ,  a s  determined by t h e  p l a n t  c a p a c i t y .  The model c o n s i s t s  
of  t h e  fo l lowing  elements:  
Data: 
- 
x = t o t a l  c u t p u t  of  a  l o c a t i o n a l l y  r e s t r i c t e d  k 
sector k  (k = 1 ,  ..., n ' ) ;  
- 
x = t o t a l  o u t p u t  of a f oo t - l oose  s e c t o r  p  
P  ( p  = n V + l , .  . . , n )  ; 
- 
c = c a p a c i t y  o f  a  p l a n t  i n  s e c t o r  p ,  co r respon-  
P 
d ing  t o  t h e  minimum l e v e l  a t  which p roduc t i on  
is f e a s i b l e  ( p  = n t + l , .  . . , n )  ; 
dhh ' 
= d i s t a n c e  between c e n t e r s  h  and h ' ;  
= c o n s t a n t  s a t i s f y i n g  t h e  c o n d i t i o n  6 > 
P  P  P  ( p  = n t + l , .  . . , n ) .  
Unknowns : 
h h t  = o u t p u t  of s e c t o r  i d e l i v e r e d  from c e n t e r  Xi 
h  t o  h t  ( h f h t  = l , . . . , H ;  i = l , . . . , n ) ;  
h  
x = o u t p u t  of a  foo t - - loose  s e c t o r  p  i n  c e n t e r  P  
h  ( h  = 1 , .  . . ,H; p  = n t + l ,  . . . , n )  . 
C o e f f i c i e n t s :  
qk = s h a r e  of c e n t e r  h  i n  t o t a l  o u t p u t  of a  
l o c a t i o n a l l y  r e s t r i c t e d  s e c t o r  k 
H .  
ti = u n i t  cost o f  t r a n s p o r t i n g  p roduc t  i p e r  
u n i t  o f  d i s t a n c e ;  
a = i n p u t  o f  p roduc t  i i n  t h e  p roduc t i on  of  ij 
one u n i t  o f  p roduc t  j ;  
ci = r a t i o  between f i n a l  demand f o r  s e c t o r  i i 
and income ( f i n a l  demand i n c l u d e s  t h e  con- 
n  
sumption of workers  ( 1 cii = 1 )  1 ;  
i= 1 
aij + aiwj = vij = g e n e r a l i z e d  i npu t -ou tpu t  c o e f f i c i e n t  
( W  i s  t h e  r a t i o  between va lue  added and 
o u t p u t  for  sectar j); 
1  - (aii + c i . ~ . )  = f3= = s u r p l u s  p e r  u n i t  of o u t p u t  i n  s e c t o r  i 
1 1  
a f t e r  s u b t r a c t i o n  of  i n t e r n a l l y  used o u t -  
p u t ,  i n c l u d i n g  employees t  consumption.  
The model i n c l u d e s  t h e  f o l l o w i n g  e q u a t i o n s :  
T h i s  e q u a t i o n  s ta tes  t h a t  o u t p u t  p l u s  i m p o r t s  must a t  
l e a s t  meet l o c a l  demand and e x p o r t s  i n  e v e r y  s e c t o r .  A 
d i s t i n c t i o n  is  made between l o c a t i o n a l l y  r e s t r i c t e d  s e c t o r s  
( 1 ,  . . . , n u  ) and f o o t - l o o s e  s e c t o r s  ( n '  + l  , . . . , n )  . The l o c a t i o n  
o f  t h e  r e s t r i c t e d  s e c t o r s ' o u t p u t  i s  assumed t o  b e  g i v e n  and 
is d e f i n e d  by t h e  e q u a t i o n :  
I t  h a s  been mentioned ear l i e r  t h a t  t h e  model a c c o u n t s  
f o r  economies o f  scale. The f o l l o w i n g  example shows how t h i s  
i s  done. Assume t h a t  t h e  o u t p u t  o f  s e c t o r  i i n  c e n t e r  h  amounts 
h  h  t o  xi - > 1000 o r  xi = 0 .  T h i s  assumpt ion  can  be p r e s e n t e d  as: 
and 
The p r e s e n c e  o r  absence  o f  t h e  s e c t o r  p  i n  c e n t e r  h  c a n  b e  
marked by a n  i n t e g e r - v a r i a b l e ,  whose v a l u e  is e i t h e r  0 o r  1. 
Thus, it can  be concluded t h a t  t h e  assumed l e v e l  o f  o u t p u t  
shou ld  n e v e r  f a l l  below t h e  c a p a c i t y  of  t h e  p l a n t .  
A l l  t h e s e  c o n s i d e r a t i o n s  r e l a t i n g  t o  economies of s c a l e  
can  be w r i t t e n  as: 
z 
h 
p e i t h e r  0 o r  1 . 
The nonnega t i v i t y  requ i rements  assume t h e  form: 
The model can be  used t o  determine t h e  o u t p u t  o f  foo t - .  
l oose  s e c t o r s  i n  c e n t e r s  and t h e  d e l i v e r i e s  between c e n t e r s  
such t h a t  t h e  t o t a l  t r a n s p o r t a t i o n  c o s t s  are minimized. I ts  
o b j e c t i v e  f u n c t i o n  i s  w r i t t e n  as :  
The model has  two weaknesses, one of  which i s  t h a t  it 
a l l ows  t h e  c o n c e n t r a t i o n  o f  f oo t - l oose  s e c t o r s  i n  one l a r g e  
c e n t e r .  Th is  d e f i c i e n c y  does  n o t  app ly  t o  restr icted s e c t o r s ,  
whose o u t p u t  is  l o c a t e d  i n  a  g iven  p l a c e .  The numerical  
examples g iven  above s u g g e s t ,  however, t h a t  a c o n c e n t r a t i o n  i n  
one l a r g e  c e n t e r  occu r s  on ly  i f  t h e r e  is  an even s p a t i a l  
d i s t r i b u t i o n  o f  a g r i c u l t u r e .  I n  t h e  c a s e  where t h e  s p a t i a l  
d i s t r i b u t i o n  o f  a g r i c u l t u r e  i s  uneven, t h i s  tendency i s  n o t  
e v i d e n t .  
The o t h e r  weakness i s  t h a t  t h e  number and l o c a t i o n  o f  
c e n t e r s  must be s p e c i f i e d .  Th is  does n o t  a l l ow  t h e  l o c a t i o n a l  
p a t t e r n  of  o u t p u t  t o  be changed by t h e  format ion o f  new c e n t e r s .  
The model a l s o  assumes a  c l o s e d  economy. The weakness o f  t h i s  
assumption,  however, may be e l i m i n a t e d  by t h e  i n t r o d u c t i o n  o f  
t r a d e  i n t o  t h e  model. 
The h i e r a r c h i c a l  s t r u c t u r e  i s  more e x p l i c i t l y  embodied i n  
t h e  model of a  nodal h i e ra rchy  i n  a  network system, developed by 
S c o t t  ( 1 9 7 1 ) .  The network system c o n s i s t s  of a  g iven  set  of nodes, 
from which a  s u b s e t  of nodes i s  s e l e c t e d  a s  l o c a t i o n s  f o r  some 
c e n t r a l  f a c i l i t i e s .  These f a c i l i t i e s  produce o r  t r a n s m i t  t h e  
commodities consumed a t  each node. The set  of c e n t r a l  f a c i l i t i e s  
forms a  h i e r a r c h i c a l  system wi th  m l e v e l s  and each l e v e l  i n c u r s  
d i f f e r e n t  f i x e d  c a p i t a l  c o s t s  a s  w e l l  a s  t r a n s p o r t a t i o n  c o s t s .  
The system i s  organized such t h a t  t h e s e  c o s t s  a r e  minimized by 
s e l e c t i n g  t h e  number and l o c a t i o n s  of  f a c i l i t i e s  and o rgan iz ing  
commodity f lows from f a c i l i t i e s  t o  nodes i n  an op t imal  way. 
The system modeled by S c o t t  has  some l i m i t a t i o n s  r e s u l t i n g  
from t h e  fo l lowing  c h a r a c t e r i s t i c s :  t h e  l e v e l s  of  t h e  h i e ra rchy  
of  f a c i l i t i e s  are- f u n c t i o n a l l y  d i s t i n c t ;  any f a c i l i t y  on a  given 
l e v e l  may r e c e i v e  (despa tch)  goods only from ( t o )  t h e  c l o s e s t  
h ighe r  l e v e l  and despa tch  ( r e c e i v e )  goods on ly  t o  (from) t h e  
c l o s e s t  lower l e v e l ;  t h e  goods t r a n s f e r r e d  from producers  t o  
consumers do no t  themselves undergo material changes a t  i n t e r -  
mediate l e v e l s .  
The n o t a t i o n s  used i n  t h e  model are given below: 
k 
a  = amort ized c a p i t a l  c o s t  o f  any f a c i l i t y  a t  
l e v e l  k (it i s  u s u a l l y  expected t h a t  
k d i j  = minimum c o s t  of t r a n s p o r t a t i o n  i n  t h e  
- 
given network between i and j p e r  u n i t  of 
commodity t r a n s p o r t e d  from t h e  f a c i l i t y  on 
l e v e l  k (it i s  usua l ly  expected t h a t  d l j  - i 
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gk = capac i ty  of any f a c i l i t y  on l e v e l  k;  
f i n a l  demand f o r  t h e  commodity a t  node j ;  
1 i f  a f a c i l i t y  of  o r d e r  k i s  b u i l t  a t  node i ,  
0 otherwise ;  
x t j  = number of commodities d e l i v e r e d  t o  node j from 
t h e  f a c i l i t y  on l e v e l  k l o c a t e d  a t  i ( s o l u t i o n  
v a r i a b l e )  ; 
M = a r b i t r a r i l y  l a r g e  number. 
The model desc r ibed  above can be s t a t e d  a s  fo l lows:  
s u b j e c t  t o  
The c o n s t r a i n t s  denote t h a t :  maximum c a p a c i t i e s  a r e  n o t  
exceeded; a l l  demands a r e  m e t ;  a l l  i n p u t s  from h ighe r - l eve l  
f a c i l i t i e s  t o  any k - l eve l  f a c i l i t y  l o c a t e d  a t  node j a r e  equal  
t o  a l l  o u t p u t s  from t h e  l a t t e r  f a c i l i t y ;  whenever any demand, 
however sma l l ,  is made upon a  k- leve l  f a c i l i t y  a t  node i, t hen  
a  f a c i l i t y  i s  l o c a t e d  a t  t h a t  node. The l a s t  two c o n s t r a i n t s  
a r e  l a r g e l y  se l f - exp lana to ry .  
The s o l u t i o n  of t h e  model i d e n t i f i e s  t h e  op t imal  commodity 
flows a s  w e l l  a s  t h e  op t imal  number and l o c a t i o n  o f  t h e  f a c i l i -  
t i e s .  It i s  worthwhile n o t i n g  t h a t  t h e  model can be reduced t o  
a  s tandard  t ransshipment  problem. I n  t h e  l a t t e r  form i t s  so lu-  
t i o n  i s  s imple r .  
LOCATION OF SERVICES 
The s e r v i c e  s e c t o r  a l s o  develops  i n  r u r a l  s e t t l e m e n t s ,  
a l though  more s lowly  t han  i n  urban a r e a s .  I t  i s  necessary  
both  f o r  s t i m u l a t i n g  f u r t h e r  growth of  a g r i c u l t u r a l  p roduc t ion  
a s  w e l l  a s  f o r  i n c r e a s i n g  t h e  s t a n d a r d  of l i v i n g  of t h e  r u r a l  
popu la t i on .  Without a  s u b s t a n t i a l  improvement i n  s e r v i c e s ,  it 
would be d i f f i c u l t  t o  keep t h e  popu la t i on  i n  r u r a l  a r e a s  a t  
a  s i z e  adequate  t o  main ta in  dynamic demographic and economic 
development. 
I n  most c o u n t r i e s  t h e  i n t r o d u c t i o n  of s e r v i c e  f a c i l i t i e s  
i n  r u r a l  a r e a s  h a s  been s e r i o u s l y  n e g l e c t e d .  The need f o r  such 
f a c i l i t i e s  i s  now u r g e n t ,  r e q u i r i n g  l a r g e  inves tments .  A s  t h e  
a v a i l a b i l i t y  o f  inves tment  i n c r e a s e s ,  s o  t h e  problems a s s o c i a t e d  
wi th  t h e  l o c a t i o n  of  s e r v i c e s  a l s o  i n c r e a s e .  Investment  dec i -  
s i o n s  n o t  on ly  concern t h e  l o c a t i o n  o f  i n d i v i d u a l  f a c i l i t i e s ,  
b u t  a l s o  t h e  c o n f i g u r a t i o n  of whole systems.  For example: How 
should  t h e  op t imal  combination of c e n t r a l - f a c i l i t y  l o c a t i o n s  be 
s e l e c t e d  from among a  number of  p o t e n t i a l  c e n t r a l l y  l o c a t e d  v i l -  
l a g e s ?  How should  a  g iven  number o f  c e n t r a l  f a c i l i t i e s  be  d i s -  
t r i b u t e d  s o  t h a t  t h e  maximum d i s t a n c e  between a l l  o f  t h e  u s e r s  
and t h e  c l o s e s t  f a c i l i t y  i s  minimized? Where should  t h e  minimum 
number o f  c e n t r a l  f a c i l i t i e s  be l o c a t e d  such t h a t  t h e  d i s t a n c e  
between t h e  u s e r s  and t h e  c l o s e s t  f a c i l i t y  does  n o t  exceed a 
g iven  maximum admis s ib l e  d i s t a n c e ?  What c o n f i g u r a t i o n  of  g iven  
c e n t r a l  f a c i l i t i e s  maximizes t h e  a c c e s s i b i l i t y  o f  t h e  l o c a t i o n s  
t o  u s e r s ?  
Optimal S e l e c t i o n  of Key V i l l a g e s  
An a t t e m p t  was made i n  Domanski ( 1 9 8 0 )  t o  s i m u l a t e  t h e  
development p roces s  o f  key v i l l a g e s ,  conceived a s  s e r v i c e  cen- 
ters. The s i m u l a t i o n  technique  applied was ~ o t  used t o  e v a l u a t e  t h e  
means o r  outcome of development. 
W e  now ex tend  o u r  i n q u i r y  t o  t h i s  e v a l u a t i o n  problem by 
a sk ing  t h e  q u e s t i o n :  What combination of  key v i l l a g e s  s e l e c t e d  
from among a  number o f  v i l l a g e s  w i l l  be op t imal?  There i s  no 
o p t i m i z a t i o n  c r i t e r i o n  t h a t  c an  be  cons ide red  a s  f u l l y  s a t i s -  
f a c t o r y .  A s  u s u a l  i n  such a  s i t u a t i o n ,  w e  apply  some s u r r o g a t e  
measure. The t o t a l  d i s t a n c e  t r a v e l e d  o r  t i m e  s p e n t  on t r a v e l -  
i n g  by t h e  popu la t i on  from d i s p e r s e d  v i l l a g e s  t o  key v i l l a g e s  
may c o n s t i t u t e  such a  measure. 
A problem of  t h i s  t ype  belongs  t o  t h e  class o f  problems 
r e f e r r e d  t o  as c e n t r a l - f a c i l i t y  l o c a t i o n .  Hence, t o  s o l v e  t h e  
problem, it may be  p o s s i b l e  t o  adap t  e a r l i e r  models o f  c e n t r a l -  
f a c i l i t y  l o c a t i o n .  
The fo l l owing  symbols w i l l  be used: 
a  = p o p u l a t i o n  o f  v i l l a g e  i (i = 1 , .  . . ,n) ; i 
di j = s h o r t e s t  d i s t a n c e  i n  t h e  network from 
v i l l a g e  i t o  key v i l l a g e  j ( j  = l , . . . , n ;  
/ O  i f  v i l l a g e  i is  n o t  a s s i g n e d  t o  key 
= F i l l a g e  j , 
Xij 1  i f  v i l l a g e  i i s  a s s i g n e d  t o  key 
h i l l a g e  j ; 
m = number o f  c e n t r a l  f a c i l i t i e s  (key v i l l a g e s ) .  
The problem of s e l e c t i n g  key v i l l a g e s  c o n s i s t s  i n  
d i s t i n g u i s h i n g  m of  n  v i l l a g e s  (m  < n )  i n  such a  way t h a t  t h e  
t o t a l  d i s t a n c e  t r a v e l e d  by t h e  p o p u l a t i o n  between i and j i s  
minimized. 
The model o f  t h i s  problem ( R e V e l l e  and Swain 1970) can 
be  w r i t t e n  as: 
Minimize Z = f aidi j ~ i  I 
i = 1  j=1 
s u b j e c t  t o  
T h e  f i r s t  c o n s t r a i n t  s t a t e s  t h a t  each  v i l l a g e  i s  a s s i g n e d  
t o  one and o n l y  one key v i l l a g e .  The v i l l a g e s  a s s i g n e d  t o  i n d i -  
v i d u a l  key v i l l a g e s  must form nonover lapping d i s t r i c t s  t h a t  
cove r  t h e  whole r eg ion .  T h i s  requ i rement  i s  p a r t i c u l a r l y  i m -  
p o r t a n t  when key v i l l a g e s  a r e  a s s i g n e d  some a d m i n i s t r a t i v e  
f u n c t i o n s .  
The second c o n s t r a i n t  s t a t e s  t h a t  key v i l l a g e s  t o  which 
o t h e r  v i l l a g e s  are a s s i g n e d  must s e r v e  t h e i r  own a r e a .  
The t h i r d  c o n s t r a i n t  l i m i t s  t h e  number o f  c e n t r a l  - f a c i l i -  
t ies  and t h u s  t h e  number o f  key v i l l a g e s ,  i.e. v i l l a g e s  t h a t  
s e r v e  themselves .  
I n  t h e  above model, it was assumed t h a t  t h e  number o f  key 
v i l l a g e s  i s  given .  Such an  assumpt ion is  j ~ s t i f i e d ~ s i n c e  t h e  
number might  f r e q u e n t l y  be d e f i n e d  by a  p o l i t i c a l  body r a t h e r  
t h a n  by a s c i e n t i f i c  method. However, s i n c e  t h e  c r e a t i o n  o f  key' 
v i l l a g e s  i s  c o s t l y ,  t h e  assumed number shou ld  be checked from 
t h e  economic p o i n t  o f  view. F i r s t ,  t h e  program f o r  c r e a t i n g  key 
v i l l a g e s  shou ld  be  checked a g a i n s t  t h e  s i z e  of  f e a s i b l e  i n v e s t -  
ments.  I f  w e  i n t r o d u c e  t h e  inves tment  c o n s t r a i n t ,  t h e  model f o r  
s e l e c t i n g  key v i l l a g e s ,  conceived a s  s e r v i c e  c e n t e r s ,  w i l l  t a k e  
t h e  form (Ro je sk i  and R e V e l l e  1970) : 
Minimize Z = aidijxi 
i=1  j=1 
s u b j e c t  t o  
x > x  - x  f o r  a d j a c e n t  i - j  p a i r s  , (45) i j  - j j  ii 
where 
f i  = f i x e d  c o s t  of e s t a b l i s h i n g  f a c i l i t y  j ;  
J 
b  = c o e f f i c i e n t  of i n c r e a s e  i n  v a r i a b l e  c o s t  j  
o f  f a c i l i t y  j ;  
C = investment l i m i t .  
Other n o t a t i o n s  a r e  t h e  same a s  i n  t h e  prev ious  model. 
The f i r s t  c o n s t r a i n t  r e q u i r e s  t h a t  t h e  popula t ion  of each 
v i l l a g e  be f u l l y  ass igned .  I t  w i l l  be a s s igned  t o  one key v i l -  
l a g e  i f  t h e  s o l u t i o n  c o n s i s t s  on ly  of  zero-one v a r i a b l e s  ( i n t e -  
g e r  programming), and t o  n  key v i l l a g e s  i n  t h e  event  of a  non- 
i n t e g e r  s o l u t i o n  ( l i n e a r  p r o g r a m i n g )  . 
By t h e  second c o n s t r a i n t ,  t h e  assignment i s  r e s t r i c t e d  t o  
t h o s e  key v i l l a g e s  t h a t  s e r v e  themselves.  This  c o n d i t i o n ,  how- 
e v e r ,  w i l l  be enforced  o n l y  i f  t h e  s o l u t i o n  c o n s i s t s  e x c l u s i v e l y  
of  zero-one v a r i a b l e s .  
The t h i r d  c o n s t r a i n t  demands t h a t  t h e  t o t a l  funds expended 
do no t  exceed t h e  investment  l i m i t .  
The f o u r t h  c o n s t r a i n t  r e q u i r e s  t h a t  each v i l l a g e  be a s s igned  
t o  t h e  c l o s e s t  key v i l l a g e .  I f ,  f o r  example, v i l l a g e  A has no 
c e n t r a l  f a c i l i t y  and v i l l a g e  B does,  t h e  c o n s t r a i n t  assumes t h e  
form: 
Location Set-Covering and Maximal-Covering Location Problems 
When searching f o r  an optimal network of key v i l l a g e s  a s  
w e l l  a s  f o r  t h e  opt imal  l o c a t i o n  of s e r v i c e  f a c i l i t i e s  i n  an 
a l ready e s t a b l i s h e d  network, it should be determined how w e l l  
a  p a r t i c u l a r  l o c a t i o n  conf igura t ion  f u l f i l l s  the ob jec t ives  t h a t  
it i s  supposed t o  se rve .  Two measures of f u l f i l l m e n t  have 
received a t t e n t i o n  i n  l o c a t i o n  models (Church and ReVelle 1974): 
t o t a l  weighted d i s t a n c e  o r  time f o r  t r a v e l  t o  t h e  f a c i l i t i e s  
and maximal s e r v i c e  d i s t ance ;  i . e .  t h e  d i s t a n c e  ( o r  t ime)  t h a t  
t h e  use r  most d i s t a n t  from t h e  f a c i l i t y  would have t o  t r a v e l  t o  
reach t h a t  f a c i l i t y .  
The models presented  so  f a r  i n  t h i s  s e c t i o n  have minimized 
t h e  t o t a l  weighted d i s t a n c e .  Now, models applying t h e  concept 
of  maximal s e r v i c e  d i s t a n c e  w i l l  be presented.  Such models can 
be proposed p a r t i c u l a r l y  f o r  t h e  l o c a t i o n  of emergency f a c i l i -  
t i e s  such a s  f i r e  s t a t i o n s  and ambulance depots .  The concept of 
maximal s e r v i c e  d i s t a n c e  r e f l e c t s  w e l l  both t h e  behavior of a 
country dweller  and t h e  dec i s ion  process  of those respons ib le  
f o r  t h e  l o c a t i o n  of p u b l i c  s e r v i c e s .  The country dwel le r  i s  
i n t e r e s t e d  i n  obta in ing  t h i s  type of s e r v i c e  wi th in  a c r i t i c a l  
t i m e .  This requirement i s  a l s o  of prime importance i n  t h e  
p repa ra t ion  of l o c a t i o n  schemes. 
The concept of maximal s e r v i c e  d i s t a n c e  appears  i n  two 
l o c a t i o n  problems: ( a )  t h e  l o c a t i o n  set-covering problem, and 
(b) t h e  maximal-covering . l o c a t i o n  problem. 
The l o c a t i o n  se t -cover ing  problem i s  concerned with f i n d i n g  
t h e  minimum number of f a c i l i t i e s  ensuring t h a t  t h e  use r s  a t  each 
p o i n t  of demand w i l l  f i n d  s e r v i c e s  wi th in  a d e s i r e d  maximal 
s e r v i c e  d i s t ance .  I n  o rde r  t o  formulate a mathematical model 
(Toregas and Revelle 1972) ,  t h e  following d e f i n i t i o n s  w i l l  be 
needed: 
I = set  of demand po in t s ;  
J = set of poss ib le  f a c i l i t y  sites; 
d j i  = s h o r t e s t  d i s t ance  from s i t e  j t o  p o i n t  i; 
s = maximal s e r v i c e  d i s t ance  t h a t  may s e p a r a t e  
any demand po in t  from i t s  n e a r e s t  f a c i l i t y ;  
Ni = [ j  E ~ l d ~ ~  < S I  f o r  a l l  i i n  I = set of 
- 
f a c i l i t y  s i t e s  e l i g i b l e  t o  provide coverage 
t o  demand p o i n t  i. 
The model assumes t h e  form: 
Minimize Z = 1 x , 
j€J j 
s u b j e c t  t o  
By t h e  f i r s t  c o n s t r a i n t ,  each demand p o i n t  i must be covered 
by a t  l e a s t  one f a c i l i t y .  The o b j e c t i v e  func t ion  minimizes t h e  
number of f a c i l i t i e s  t h a t  s a t i s f y  demand. The s o l u t i o n  a l s o  
s p e c i f i e s  t h e  l o c a t i o n  of  t h e s e  f a c i l i t i e s .  
T o t a l  coverage of t h e  demand a r e a  w i t h i n  a  d e s i r e d  maximal 
s e r v i c e  d i s t a n c e  may be impossible  because of  budget c o n s t r a i n t s .  
This  w i l l  r e s u l t  i n  a  l i m i t a t i o n  on t h e  resources  a v a i l a b l e ,  
which may n o t  be s u f f i c i e n t  f o r  c o n s t r u c t i n g  t h e  number of f a c i l -  
i t i e s  s p e c i f i e d  i n  t h e  model s o l u t i o n .  I n  such a s i t u a t i o n ,  t h e  
d e c i s i o n  maker w i l l  have t o  re formula te  h i s  o b j e c t i v e  func t ion .  
H e  may abandon h i s  goa l  of t o t a l  coverage and i n s t e a d  a t tempt  t o  
minimize t h e  number of  people  t h a t  w i l l  n o t  be se rved  w i t h i n  a 
d e s i r e d  maximal s e r v i c e  d i s t a n c e .  I n  o t h e r  words, he may t r y  t o  
f i n d  such a d i s t r i b u t i o n  of  f a c i l i t i e s  t h a t  as many people  a s  
p o s s i b l e  a r e  included wi th in  t h e  d e s i r e d  a r e a .  This  problem i s  
termed t h e  maximal-covering l o c a t i o n  problem. I ts  mathematical  
formulat ion can be s t a t e d  a s  (Church and ReVelle 1974)  : 
Maximize Z = 1 aiyi , 
iE1 
s u b j e c t  t o  
1 x j ? y i  I f o r  a l l  i € 1  jENi 
1 X = P  f 
jE J j 
x i  = ( O f l )  I f o r  a l l  j E J 
Y i = (011) f f o r  a l l  i E I , 
where 
Ni = { j ~ ~ ( d ~ ~  - < s }  f o r  a l l i i n  I = s e t  of  f a c i l i t y  
s i t e s  e l i g i b l e  t o  provide coverage t o  demand 
p c i n t  i; 
s = d i s t a n c e  beyond which a  demand p o i n t  is  cons i -  
dered t o  be n o t  covered; 
a  = popu la t ion  t o  be served a t  demand p o i n t  i; i (1 i f  demand node i i s  covered by a  f a c i l i t y  
Y i  w i t h  d i s t a n c e  s f  
0 o therwise ;  
P = number of  f a c i l i t i e s  t o  be l o c a t e d .  
A l l  o t h e r  n o t a t i o n s  a r e  t h e  same a s  i n  t h e  prev ious  model. 
The o b j e c t i v e  func t ion  maximizes t h e  number of people  l y i n g  
wi th in  t h e  d e s i r e d  s e r v i c e  d i s t a n c e .  The f i r s t  c o n s t r a i n t  a l lows  
Y i  t o  be 1 only  when t h e  f a c i l i t y  c l o s e s t  t o  t h e  demand p o i n t  i 
i s  a t  a  d i s t a n c e  n o t  f u r t h e r  than s. The second c o n s t r a i n t  
r e s t r i c t s  t h e  number of  f a c i l i t i e s .  
Another formula t ion  of  t h e  maximal-covering l o c a t i o n  problem 
i s  p o s s i b l e .  Given t h e  r e s t r i c t e d  number of f a c i l i t i e s ,  we may 
seek t h e i r  d i s t r i b u t i o n  such t h a t  t h e  maximum d i s t a n c e  between 
the  f a c i l i t i e s  and t h e  u s e r s  i s  minimized. This  problem i s  
s t r u c t u r e d  mathematical ly  i n  t h e  fo l lowing  way (Bach 1980):  
b  Minimize Z = max min d i j a i j  I 
j i 
s u b j e c t  t o  
C o n s t r a i n t s  (58)  and (59)  a l l o w  each  u s e r  t o  be a s s i g n e d  t o  
t o  a t  l e a s t  one f a c i l i t y .  C o n s t r a i n t  (60)  e x p r e s s e s  t h e  non- 
n e g a t i v i t y  c o n d i t i o n .  The problem s t a t e d  i n  t h i s  way h a s  more 
t h a n  one o p t i m a l  s o l u t i o n ,  i . e .  one may o b t a i n  a l t e r n a t i v e  d i s -  
t r i b u t i o n s  o f  f a c i l i t i e s  f u l f i l l i n g  t h e  c o n d i t i o n s  o f  minimizing 
t h e  maximum s e r v i c e  d i s t a n c e . *  
S o c i a l  Welfare  Maximizat ion 
Most models o f  f a c i l i t i e s '  l o c a t i o n  e x h i b i t  t h e  f o l l o w i n g  
two c h a r a c t e r i s t i c s :  t h e y  assume a  f i x e d  demand f u n c t i o n  and an  
o b j e c t i v e  f u n c t i o n  minimizing t r a v e l  c o s t s .  Both assumpt ions ,  
a l t h o u g h  r e a s o n a b l e  and commonly a c c e p t e d ,  i g n o r e  e s s e n t i a l  f e a -  
t u r e s  o f  t h e  r e a l  wor ld .  The demand f o r  s e r v i c e s  u s u a l l y  v a r i e s  
w i t h  t h e  cost  of  o b t a i n i n g  them; it d e c r e a s e s  w i t h  t h e  i n c r e a s e  
i n  c o s t .  The m o d e l s ' d e s c r i b e . r e a 1  s i t u a t i o n s  i f  t h e y  assume de- 
c l i n i n g  demand f u n c t i o n s .  Minimizat ion  o f  t r a v e l  costs a s  a n  
e f f i c i e n c y  c r i t e r i o n  i s  r a t h e r  narrow. S o c i a l  w e l f a r e  would con- 
s t i t u t e  a  more adequa te  c r i t e r i o n .  
The models assuming f i x e d  demand f u n c t i o n s  and t r a v e l - c o s t -  
min imiza t ion  o b j e c t i v e  f u n c t i o n s  y i e l d ,  i n  f a c t ,  o n l y  subopt imal  
s o l u t i o n s .  The assumpt ion  of  f i x e d  demand r e q u i r e s  demand t o  be 
s a t i s f i e d  even i f  cus tomers  a t t a c h  t o  t h e  s e r v i c e  a  v a l u e  t h a t  
i s  lower t h a n  t h e  marg ina l  costs o f  p r o v i d i n g  it. The l e v e l  o f  
s e r v i c e s  o b t a i n e d  from such models t e n d s  t o  be  h i g h e r  t h a n  t h e  
P a r e t o  o p t i m a l  l e v e l .  
*Readers i n t e r e s t e d  i n  t h e  u n i f y i n g  framework f o r  p u b l i c -  
f a c i l i t y - l o c a t i o n  problems a r e  r e f e r r e d  t o  Leonard i  (1980a) . 
Wagner and Falkson (1975) e l a b o r a t e d  models o f  pub l i c -  
f a c i l i t y  l o c a t i o n  t h a t  e l i m i n a t e  t h e s e  drawbacks. The models 
i nc lude  a  d e c l i n i n g  demand f u n c t i o n  and maximize s o c i a l  w e l f a r e  
e x p l i c i t l y .  The s u r p l u s  of  consumers p l u s  p roducers  i s  accep ted  
a s  a  measure of  s o c i a l  w e l f a r e .  The n o t i o n  of s u r p l u s  i s  de f ined  
a s  fo l l ows :  t h e  consumers'  s u r p l u s  (CS) i s  equa l  t o  t h e  sum ove r  
a l l  consumers of  t h e  d i f f e r e n c e  between t h e  h i g h e s t  w i l l i n g n e s s -  
to-pay f o r  a  product  and t h e  amount a c t u a l l y  pa id ;  t h e  p roduce r s '  
s u r p l u s  (PS) i s  t h e  sum ove r  a l l  producers  of  t h e  d i f f e r e n c e  
between t h e  revenue a c t u a l l y  r e c e i v e d  f o r  a  p roduc t  and t h e  lowesc 
w i l l i n g n e s s - t o - s e l l .  The n o t i o n  i s  s t r u c t u r e d  mathemat ica l ly  i n  
t h e  fo l l owing  way: 
where 
Vi = w i l l i n g n e s s -  to-pay o f  each member of  community 
i f o r  a  u n i t  o f  p roduc t  p e r  u n i t  t i m e  pe r iod ;  
t i j d i j  = t r a n s p o r t a t i o n  c o s t  p e r  u n i t  of  p roduc t  between 
demand node i and supply  node j ;  
pS = f a c t o r y  p r i c e  a t  supply  node j; j  
a  = amount of  s e r v i c e  demanded a t  community i ;  i 
bi = marginal  c o s t  o f  s e r v i c e  a t  j ;  
J 
f i  = f i x e d  c o s t  o f  s e r v i c e  a t  j ;  
J 
'ij = assignment v a r i a b l e  r e p r e s e n t i n g  t h e  f r a c t i o n  of  
- 
demand o f  community i s a t i s f i e d  by supply  node j ;  
Y = zero-one l o c a t i o n  v a r i a b l e .  j 
I n  summing t h e  two s u r p l u s e s ,  t h e  P% cance l  o u t  and t h e  
I 
sum is reduced t o :  
The models of Wagner and Falkson (1975) distinguish between 
two institutional environments that differ with respect to the 
consumers' freedom of choice of facilities. These are: public 
fiat environment and serve-all-comers environment. In the pub- 
lic fiat environment, the consumers do not have the freedom of 
choice but may be assigned arbitrarily to facilities and may be 
denied service. In the serve-all-comers environment, the consu- 
mers can choose the facilities freely and must be served by the 
facility of their choice. Below, the models for both environ- 
ments are specified. 
The model for the public fiat environment can be stated as: 
n n n 
Max 1 1 (Vi - b - t. .d. .)a.X - 1 f.Y , j=1 i=1 j 11 11 1 ij j=1 I j 
subject to 
Constraint (65) - (66) expresses the demand requirement. It 
has the form of an inequality since the environment does not re- 
quire that maximum potential demand at any site be met. Con- 
straint (67)-(68) states that production at node j necessarily 
bears fixed costs. 
The model for serve-all-comers can be stated as: 
s u b j e c t  t o  
The l a t t e r  model c o n t a i n s  two a d d i t i o n a l  sets o f  c o n s t r a i n t s :  
(71)  and ( 7 3 ) .  I t  i s  assumed t h a t  i n  a  serve-a l l -comers  environ-  
ment t h e  cus tomers  w i l l  choose t h e  c l o s e s t  o p e r a t i n g  f a c i l i t y .  
C o n s t r a i n t  (72)  e n s u r e s  t h e  assignment of  cus tomers  t o  t h e i r  
c l o s e s t  o p e r a t i n g  f a c i l i t y .  I t  is  a l s o  n e c e s s a r y  t o  ensu re  t h a t  
a l l  cus tomers  who r e q u i r e  s e r v i c e s  a r e  a s s i g n e d  t o  some f a c i l i t y .  
Th is  i s  s t a t e d  i n  c o n s t r a i n t  ( 7 3 ) .  
The s imple  welfare-maximizat ion model ( 64 ) - (68 )  can b e  ad- 
j u s t e d  t o  t h e  c a s e  o f  d e c l i n i n g  community demand f u n c t i o n s  (of  
d e l i v e r e d  p r i c e ) .  I n  t h i s  case only  t h e  c o e f f i c i e n t s  o f  e ach  
X i j  i n  t h e  o b j e c t i v e  f u n c t i o n  must be changed. I n  t h e  s imple  
model t h e y  assume t h e  form ai(Vi - t i j d i j  - b j ) .  I n  t h e  c a s e  o f  
con t inuousdec l i n ing  demand f u n c t i o n s ,  t hey  a r e  r e p l a c e d  by t h e  
form: 
where f i (Vi)  i s  t h e  r e l a t i v e  f requency f u n c t i o n  f o r  v a l u e s  Vi i n  
community i. 
Replacement i s  p o s s i b l e  because  o f  t h e  r e l a t i o n s h i p  e s t a b -  
l i s h e d  between t h e  demand f u n c t i o n  and t h e  f requency  d i s t r i b u t i o n .  
An a g g r e g a t e  demand f u n c t i o n ,  be ing  i n  f a c t  a  cumula t ive  w i l l i n g -  
ness-to-pay f u n c t i o n ,  can  be  t r ans formed  i n t o  a  cumula t ive  f r e -  
quency d i s t r i b u t i o n .  Th i s  i s  done by measur ing t h e  f r a c t i o n  o f  
p o t e n t i a l  consumers who a r e  w i l l i n g  t o  pay a n  amount o f  money 
g r e a t e r  t h a n ,  o r  e q u a l  t o ,  any s p e c i f i e d  amount. 
H i e r a r c h i c a l  Loca t ion-Al loca t ion  Problem 
The m a j o r i t y  o f  r e s e a r c h  on t h e  s p a t i a l  d i s t r i b u t i o n  o f  
s e r v i c e s  assumes t h a t  t h e  f a c i l i t i e s  form s i n g l e - l e v e l  sys tems .  
M u l t i l e v e l  sys tems a r e  r a r e l y  cons ide r ed .  However, Dokmeci (1973) 
and B a n e r j i  and F i s h e r  (1974) c o n s i d e r  such a case. Dokmeci's 
model, which i s  p r e s e n t e d  i n  t h i s  s e c t i o n ,  de t e rmines  t h e  o p t i m a l  
d i s t r i b u t i o n  o f  h i e r a r c h i c a l l y  c o o r d i n a t e d  f a c i l i t i e s  o v e r  a  
bounded s p ace .  
Demand p o i n t s ,  t h e  t r i p  requ i rements  o f  each  demand p o i n t ,  
a s  w e l l  a s  f a c i l i t y  and t r a n s p o r t a t i o n  c o s t s  f o r  each  l e v e l  o f  
t h e  h i e r a r c h y  a r e  g iven .  The f i x e d  p a r t  o f  f a c i l i t y  c o s t s  v a r i e s  
a c c o r d i n g  t o  t h e  s i z e  o f  t h e  f a c i l i t y  and r e f l e c t s  economies o f  
scale. The unknown v a r i a b l e s  t o  b e  d e f i n e d  i n  an  o p t i m a l  f a s h i o n  
are: number, s i z e ,  and l o c a t i o n  o f  f a c i l i t i e s  o v e r  a  bounded 
s p a c e .  The model i s  used t o  f i n d  t h e  minimum t o t a l  c o s t  o f  t h e  
sys tem,  i . e .  f a c i l i t y  and t r a n s p o r t a t i o n  c o s t s .  
Demand i s  nonuniformly d i s t r i b u t e d  a t  m p o i n t s P  j '  The set 
o f  t h e s e  p o i n t s  forms a z e ro - t h  l e v e l  o r  demand l e v e l ,  L o .  There 
are N f a c i l i t y  l e v e l s ,  LB ( B  = 1 , .  :.,N), each demand p o i n t  b e i n g  
s e r v i c e d  by one  f a c i l i t y  on each  f a c i l i t y  l e v e l .  The h i e r a r c h i -  
cal  s t r u c t u r e  i s  g i v e n  by: 
The mode l ' s  s t r u c t u r e  a l l ows  f o r  i n t e r a c t i o n s  between f a c i l i t i e s  
o f  d i f f e r e n t  l e v e l s  b u t  n o t  o f  t h e  same l e v e l .  
The t o t a l  t r a n s p o r t a t i o n  c o s t  i s  g iven  by: 
The f a c i l i t y  c o s t  (I?) v a r i e s  acco rd ing  t o  t h e  l e v e l  o f  f a c i -  
l i t i e s .  The t o t a l  f a c i l i t y  c o s t  is given  by: 
o r  by: 
where 
u  = number of  t r i p s  made from p o i n t  j  t o  i j 
f a c i l i t y  i; 
1 i f  f a c i l i t y  i s u p p l i e s  p o i n t  j ,  
a i j  = 1 
* O  o t h e r w i s e ;  
d i j  = d i s t a n c e  between i and j: 
t = u n i t  t r a n s p o r t a t i o n  c o s t ;  
b i t c i  = s p e c i f i e d  c o n s t a n t s  f o r  each l e v e l  
o f  f a c i l i t i e s ;  
Ki = unknown c a p a c i t y  o f  f a c i l i t y  i; 
A B  = s p e c i f i e d  t o t a l  c a p a c i t y  requ i rement ;  
" B  = nlxnber of f a c i l i t i e s  on l e v e l  8 ;  
gsh s = specified constants for level f.3 of 
facilities. 
The hierarchical location-allocation problem can now be 
formulated. 
- - 
Minimize Z = 1 uijaijdij + 1 (bi + ciKi) , 
i=1 j=1 i= 1 
subject to 
The hierarchical problem described above is difficult to 
resolve numerically because of the nonlinear objective function. 
An easier way to find a solution is to apply a heuristic algo- 
rithm. 
ACCESSIBILITY 
One of the major characteristics of a settlement system of 
any region is that it provides the population with jobs, housing, 
and services. It is important that these opportunities be acces- 
sible to the inhabitants of the region. Spatial accessibility 
of jobs, housing, and services can be considered as one of the 
components of quality of life. Regional planning aims to improve 
accessibility through the extension and proper location of faci- 
lities of various kinds (Domanski 1979). 
When planning the construction and location of new facili- 
ties, decision makers may take maximization of spatial accessibi- 
lity as their objective function. The equalization of the 
accessibility of facilities from users' locationscan be considered 
as an alternative objective function. By equalizing accessibility, 
spatial equity may be increased. 
Let us first consider the location of service facilities 
maximizing spatial accessibility. Before presenting the model 
of this problem, let it be understood that the concept of acces- 
sibility is equivalent to the concept of potential in spatial 
a n a l y s i s .  There  a r e  s e v e r a l  formulae  t o  c a l c u l a t e  t h e  p o t e n t i a l .  
According t o  one (Bach 1 9 8 0 ) ,  t h e  p o t e n t i a l  c r e a t e d  a t  l o c a t i o n  i 
by a  c e n t r a l  f a c i l i t y  l o c a t e d  a t  j amounts t o :  
where 
a  = a t t r a c t i v e n e s s  of  t h e  c e n t r a l  f a c i l i t y  a t  j  j (it  c a n  be measured by t h e  f a c i l i t y  s i z e  
weighted  w i t h  some q u a l i t y  i n d e x ;  
d i j  = d i s t a n c e  between u s e r s  a t  i and t h e  c e n t r a l  
f a c i l i t y  a t  j ;  
B = exponent  r e p r e s e n t i n g  t h e  i n f l u e n c e  o f  d i s -  
t a n c e  ( t r a n s p o r t a t i o n  c o s t )  on t h e  i n t e r a c -  
t i o n  between i and j .  
The p o t e n t i a l  c a u s e d  by a l l  f a c i l i t i e s  i n t e r a c t i n g  w i t h  t h e  
g i v e n  l o c a t i o n  o f  u s e r s  can  be  w r i t t e n  a s :  
W e  w i l l  now p r e s e n t  t h e  model e l a b o r a t e d  by Bach ( 1 9 8 0 ) .  
Data : 
Ui  = l o c a t i o n s  of  u s e r s  (i = 1 , .  . . , m )  ; 
n  = number o f  c e n t r a l  f a c i l i t i e s  (n - > 2 ) ;  
a  = a t t r a c t i v e n e s s  of  c e n t r a l  f a c i l i t i e s  j  
(j = l , . . . , n ) .  
Unknowns : 
C = l o c a t i o n s  o f  c e n t r a l  f a c i l i t i e s  j  
( j  = l , . . . , n ) .  
Constraints: 
Each user must be assigned to exactly one central facility 
in such a way that nonoverlapping districts covering the whole 
region are formed. 
The model aims to find those locations of central facilities 
and configurations of districts that would maximize the sum of 
potentials (accessibilities) created by central facilities at 
the users ' locations. 
This problem may now be written in programmatic form as 
follows : 
subject to 
The first two constraints ensure that each user is assigned to 
one, and only one, central facility. 
The given settlement system may ensure accessibility to 
services, but not to jobs or housing, and vice versa. Such a 
system is spatially unbalanced. It does not ensure a satisfac- 
tory level of social welfare, which would require all components 
of welfare to be accessible. 
Klaassen, Paelinck, and Wagenaar ( 1979) developed a method 
that allows individual accessibilities to be integrated into one 
total accessibility. It simulates the characteristics of the 
living conditions of individual villages and towns.* 
*A multiactivity location problem with accessibility and con- 
gestion-sensitive demand is being studied at IIASA (Leonardi 1980b). 
The use of a  s p e c i a l  type  of s o c i a l - w e l f a r e  func t ion  i s  
t h e  main element of t h i s  method. The f u n c t i o n  i s  c h a r a c t e r i s t i c  
i n  t h a t  t h e  i n d i v i d u a l  a c c e s s i b i l i t i e s  ( p o t e n t i a l s )  a r e  i t s  argu- 
ments. The soc i a l -we l f a re  func t ion  i n t e g r a t i n g  a l l  a c c e s s i b i l i -  
t i e s  can be w r i t t e n  a s :  
h  s v  
w = 1 ( , n i t )  , f o r  a l l  i = 1 ,  ..., m . ( 9 2 )  
where 
ah = t h e  a c c e s s i b i l i t y  t o  housing from i 
l o c a t i o n  i; 
S 
ni = t h e  a c c e s s i b i l i t y  t o  s e r v i c e s ;  
aV = t h e  a c c e s s i b i l i t y  t o  jobs .  i 
It can  be s p e c i f i e d ,  f o r  example, a s  a  Cobb-Douglas-type func t ion :  
The func t ion  p re sen ted  above shows some t y p i c a l  c h a r a c t e r i s -  
t i c s .  F i r s t ,  d i f f e r e n t  combinations of  arguments ( p o t e n t i a l s ,  
a c c e s s i b i l i t i e s )  can l e a d  t o  t h e  same va lue  of t h e  func t ion .  This  
i s  t h e  well-known p r i n c i p l e  o f  s u b s t i t u t i o n .  Second, i f  t h e  
arguments a r e  i n t e rdependen t ,  then  t h e  change i n  one argument w i l l  
i n f l u e n c e  t h e  o t h e r s .  Thi rd ,  t h e  t o t a l  a c c e s s i b i l i t y  of l o c a t i o n  
i ( v i l l a g e ,  town) depends n o t  on ly  on t h e  a v a i l a b i l i t y  of f a c i l i -  
t i e s  i n  l o c a t i o n  i i t s e l f ,  b u t  a l s o  on t h e  a v a i l a b i l i t y  of  t hose  
. in  neighboring l o c a t i o n s  w i t h i n  reach of  r eg ion  i. 
This  form o f  soc i a l -we l f a re  func t ion  may be used t o  r e f l e c t  
t h e  e f f e c t s  o f  governmental investment  p o l i c y .  The government 
can a l l o c a t e  i t s  budget among d i f f e r e n t  f a c i l i t i e s  and l o c a t i o n s .  
Each a l l o c a t i o n  may b r i n g  d i f f e r e n t  r e s u l t s .  It i s  then  necessary  
t o  determine what a l l o c a t i o n  w i l l  b r i n g  t h e  maximum i n c r e a s e  i n  
t h e  we l f a re  of a l l  l o c a t i o n s  t oge the r .  The answer can be ob ta ined  
by f i n d i n g  t h e  maximum of  t h e  soc i a l -we l f a re  f u n c t i o n .  
CONCLUSION 
A s  a  r e s u l t  of  t h e  assessment  of  t h e  v a r i o u s  models d i s -  
c u s s e d  above,  we conc lude  t h a t  t h r e e  f e a t h r e s  a r e  i m p o r t a n t  
when a d a p t i n g  o r  deve lop ing  models t o  s o l v e  t h e  problems o f  
r u r a l  s e t t l e m e n t  sys tems .  These f e a t u r e s  a r e  a s s o c i a t e d  w i t h  
t h e  h i e r a r c h i c a l  framework o f  such sys tems ,  t h e i r  s p a t i a l  ac-  
c e s s i b i l i t y ,  and t h e i r  unique c h a r a c t e r i s t i c s ,  and t h e y  shou ld  
a l l  be c o n s i d e r e d  i n  t h e  model. Some comments on t h e s e  f e a -  
t u r e s  a r e  g i v e n  below. 
The h i e r a r c h i c a l  framework a l l ows  f o r  a  more a c c u r a t e  
r e p r e s e n t a t i o n  and a n a l y s i s  o f  economic a c t i v i t i e s  i n  se t t l e -  
ment sys tems.  While t h e r e  a r e  few such models c u r r e n t l y  i n  
o p e r a t i o n ,  a  number o f  promis ing d i r e c t i o n s  f o r  f u r t h e r  
r e s e a r c h  have been i d e n t i f i e d .  
S p a t i a l  a c c e s s i b i l i t y  shou ld  be  one o f  t h e  major  c r i t e r i a  
i n  e v a l u a t i n g  t h e  development p l a n s  o f  s e t t l e m e n t  sys tems .  I ts  
improvement would c o n t r i b u t e  t o  an  i n c r e a s e  i n  t h e  q u a l i t y  o f  
l i f e  and s o c i a l  e q u i t y .  
S e t t l e m e n t  sys tems i n  r u r a l  r e g i o n s  have s e v e r a l  un ique  
c h a r a c t e r i s t i c s  t h a t  t h e  h i e r a r c h i c a l  o p t i m i z a t i o n  models shou ld  
r e f l e c t .  Some o f  t h e  e x i s t i n g  models c a n  be  adap ted  t o  i n c l u d e  
t h e s e  c h a r a c t e r i s t i c s  and t h e r e f o r e  may be s u i t a b l e  f o r  s o l v i n g  
r u r a l  problems.  
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